Abstract. The rent-to-price ratio is one of the popular indicators for monitoring the property market. This study explores micro-scale spatial dynamics of the ratio for houses at the individual property level in Seoul, South Korea. We match the apartment unit sold and the one leased based on the carefully chosen criteria and apply a Bayesian multi-level modeling approach to this matched dataset. We employ the Integrated Nested Laplace Approximations (INLA) algorithm in order to estimate relevant parameters in the multi-level model. The ratio determinants found in the study include property age, apartment unit area, interest rate, and floor. This study also presents the importance of taking into account the hierarchical structure of apartment units, as well as seasonal and spatial variations when estimating the ratio and predicting future trends in the property market based on the ratio.
Introduction
The relationship between house prices and rents has always been a major concern for parties in the housing market. The rent-to-price (or price-to-rent) ratio has been a popular indicator for monitoring the housing market, and considerable literature on the housing market has assumed that there exists a fundamental relationship between house prices and rents. For example, André, Gil-Alana, and Gupta (2014) empirically analyzed price-to-income and priceto-rent ratios in a sample of 16 OECD countries spanning four decades, and found that the ratios are highly consistent, almost always showing the tendency to return to their historical average value. In accordance with this finding, ratios that have deviated from their long-term values have often raised concerns among various parties in the housing market, such as houses being overvalued. In South Korea, housing takes up a considerable portion (more than 70%) of household assets (Ronald & Jin, 2015) , and rent also represents a major expenditure (Households with rent-to-income ratios exceeding 30% was 34.7% in 2006) for tenants (Kang et al., 2006) . The ratio has also played a particularly important role in the managing of property portfolios by investors, as different ratios across regions require different strategies for portfolio management.
Scholars and policy makers have paid special attention to the low rent-to-price ratio 1 , since it usually signifies an overvaluation, or bubble, in housing prices, and thus implies that the affordability of decent housing decreases in proportion to a decline in the ratio. Therefore, governments in many countries employ various economic controlling policies, such as strengthening mortgage regulations, to cool off housing booms during periods with a low rent-to-price ratio.
In contrast, the government of S. Korea has monitored the rising rent-to-price ratio closely, since it indicates a decrease in affordability of houses for tenants. Unfortunately, the housing market in S. Korea has experienced a drastic increase in the rent-to-price ratio since the 2008 global financial crisis as shown in Figure 1 , causing severe social problems, such as more difficulty in finding decent housing under the lease agreement.
In this paper, through a Bayesian multilevel modeling approach, we study the determination of the rent-to-price ratio for houses in the Seoul Metropolitan Area (hereafter, Seoul), S. Korea. We examine the determinants of the ratio at the individual property level, and investigate temporal and spatial variations of the ratio as well. This will provide insights into the dynamics of the S. Korean housing market system, the housing policy for local governments, and the strategy for property companies.
Past studies of the ratio have largely examined the time-series relationship between house prices and rents at the national or regional scale, using aggregated data. Research has thus not convincingly explained how the ratio is distributed spatially at the individual property level, how it varies across property characteristics, or what the implications of this are for particular local governments or property companies. This paper attempts to address these issues through an empirical analysis of recent data collected by the authors.
Our examination of the relationship between house prices and rents not only contributes to understanding the micro-scale dynamics of the ratio from a spatial perspective while avoiding the biases introduced by aggregation of data, but also reveals features in the ratio of S. Korean housing market, such as its determinants and variations.
This study proceeds from a review of lease practices in S. Korea; the second section then addresses the ratiorelated literature, and the third section explains the data used and model specification. Model calibration and main results are provided in the fourth section, and finally, a discussion on the results and conclusions are presented.
Lease practices in S. Korea
In the term "rent-to-price ratio", rent denotes the deposit paid to the landlord under a Jeonsei agreement. The lease practices in S. Korea are rather peculiar compared to those in other countries. Monthly rent contracts and Jeonsei agreements are the most popular lease types in S. Korea.
They respectively make up 47% and 36% of the total lease contracts (Korean Statistical Information Service, 2016) . The monthly rent contract follows the usual month-based payment system, with the deposit equal to two or three years' worth of monthly rent. The tenant usually pays a lower monthly rent if the deposit is large. In contrast, the Jeonsei is a lease agreement in which the tenant pays a considerable deposit, usually about half or more of the house's market value to the landlord. The tenant can live in the house rentfree during the lease period, and the deposit, or the Jeonsei deposit, is refundable without any interest at the end of the lease term. The Jeonsei agreement is a good option for many people, since they can escape the burden of paying rent. The rent-to-price ratio in the study is calculated by dividing the Jeonsei deposit by the market value of the house.
Although the Jeonsei agreement seems to be unusual from a European perspective, this lease practice has long thrived in S. Korea. The Jeonsei agreement provided landlords with interest income of the Jeonsei deposit, and a capital gain of the house during periods of high interest rates, and rapid appreciation of house price. From the tenants' perspectives, they have the right to reside in the house paying no rent during the lease period, typically two years. In S. Korea, most tenants have the idea that monthly rents are "wasted money", whereas the Jeonsei deposit represents a sort of "forced saving" or even an investment (Kim, Choi, & Ko, 2009) .
The Jeonsei agreement and the monthly rent system are closely connected to each other in the housing market. This connection is best represented by the deposit-to-rent conversion rate (Park, 2002; Lee, Chung, & Choi, 2009 ), a rate used to convert the amount of the Jeonsei deposit to rental payments. The KB Kookmin Bank (2017) reports that the average conversion rate is 4.33% in Seoul on September 2017, while the annual interest rate for bank deposit is 1.70% for the same month and year. When 50 million KRW of the Jeonsei agreement is offered from a landlord, a prospective tenant might negotiate the agreement with a modified term, for example, 20 million KRW of the deposit and about 108,000 KRW of the monthly rent (the remaining 30 million KRW multiplied by 4.33%, and divided by 12 months) with the landlord. In general, young households start to reside in cheap housing with the monthly rent contract since they do not have lump-sum money available for the Jeonsei agreement. Then they move to better housing through the Jeonsei agreement, and finally come to occupy houses as homeowners. This is a typical housing ladder in S. Korea, though this pattern has weakened gradually in recent years.
The Jeonsei is now being rapidly replaced by the monthly rent system. More and more landlords are choosing to let their houses for monthly rent rather than through the Jeonsei agreement, amid a historically low deposit interest rate and uncertain outlook for increases in housing prices. The rapid shift from the Jeonsei to the monthly rent has caused a shortage in supply for houses available for the Jeonsei, and thus a sharp increase in the Jeonsei deposit, ultimately leading to the rising rent-toprice ratio as shown in Figure 1 . '05.9 '07.9 '09.9 '11.9 '13.9 '15.9 '17.9
The remarkable increase in the ratio in the housing market since the 2008 crisis gave rise to a number of academic studies and media news reports, as well as a variety of policy responses. This study was initiated from this enhanced sociopolitical attention to the ratio. Shiller (2015) reviews housing data of the United States housing market over the 1890-2005 period, and finds a noticeable decline in the rent-to-price ratio between 1995 and 2005. He suggests that the increase in house prices compared to rents over the same period is unparalleled since 1960. He concludes that there exists a considerable bubble in US housing prices over the 1995-2005 period. His study ignited strong attention to the relationship between house prices and rents, and similar studies were conducted in the same context of diagnosing price bubbles based on changes in the rent-to-price ratio (Ayuso & Restoy, 2006; Davis, Lehnert, & Martin, 2008; Hatzvi & Otto, 2008) .
Literature review
Assuming that there exists an intrinsic relation between sale prices and rents, numerous studies have been attempted. Chen (1996) investigates the fledgling house market of China and points out that rents on public housing are remarkably lower due to the low-rent policy enforcement, which leads to the irrationally high price-to-rent ratio. This study argues that the distorted price-to-rent ratio in the Chinese housing market should be lowered by raising rents to the level of other costs, one example being the labor wage level. Gallin (2008) investigates how well the rent-to-price ratio predicts future trends in property markets, and suggests that the ratio is a useful reference of appraisal in the US housing market. Kim and Lim (2014) use an unobserved component model to decompose the price-to-rent ratio in the Irish housing market, and find that the variations in the price-to-rent ratio are mostly due to the expected housing premium. Kishor and Morley (2015) investigate which factors determined the price-to-rent ratio for the U.S. housing market on a national level over the period of 1975-2014, and find that the ratio is sensitive to the mortgage interest rate. Campbell, Davis, Gallin, and Martin (2009) employ a vector autoregression (VAR) approach to explain the movements in the price-to-rent ratio in US metropolitan areas, and find that the housing risk premium accounts for an important fraction of the ratio.
Another key aspect of house pricing studies is that of methodological advance. Since house prices and rents are collected across regions over time, they usually take the form of panel data, and thus various econometric techniques for space-time analysis naturally developed in this field. House prices and rents are characterized by cross-sectional as well as temporal dependence, and thus it deserves to mention the common correlated effects (CCE) estimator which was developed recently to eliminate both forms of dependence in heterogeneous dynamic panels. This estimator was proposed by Pesaran (2006) and was utilized for showing the relationship between house prices and economic fundamentals in Holly, Pesaran, and Yamagata (2010) and Baltagi and Li (2014). In both of the studies, per capita income rather than rents is used as a proxy variable for economic fundamentals. Holly et al. (2010) analyze house prices and per capita income through an error correction model using the CCE estimator, and conclude that there is little evidence of housing price bubbles at the national level in the USA during the period between 1975 and 2003. Baltagi and Li (2014) extends the study of Holly et al. (2010) using a longer time period and a higher level of disaggregation (from 49 US states to 381 Metropolitan Statistical Areas) and find that the results of Holly et al. (2010) are robust to the time period and the finer geographic units.
Laurini (2017) points out that although the CCE estimator is robust to the presence of spatial effects, it is not possible to directly interpret the spatial effects. He uses the same data as used by Baltagi and Li (2014) , but employs an error correction model with the inclusion of continuous spatial random effects, using a space-time model based on a spatial covariance matrix of the Matérn class. His estimation method depends on a Bayesian inference based on integrated nested Laplace approximations, which is similar to that used in this study. His results confirm the existence of a co-integration relationship between house prices and per capita income.
Although the rent-to-price ratios have been analyzed repeatedly in a number of studies, most of them have used aggregated data at the national or regional level due to the lack of available data. It could be understood without difficulty that rents and prices of housing are not easily available at the property level. However, spatial aggregation of data in calculating the ratio can give rise to a bias in the estimated value. This bias could stem from two sources: the first is that the size, construction workmanship, and location of houses sold are greatly different from those rented (Hattapoglu & Hoxha, 2014) -which is colloquially referred to as "comparing apples and oranges". The modifiable areal unit problem (MAUP) could be pointed out as a second source for causing the bias. The MAUP is a well-known problem in geography and spatial analysis. The MAUP rose from the imposition of artificial units of reporting on continuous geographic phenomena, resulting in the generation of artifacts or errors (Ian, 2010) . Ratio data is usually aggregated by administrative areas. However, the administrative boundaries are arbitrarily determined by a government agency, and thus have little relationship with housing market areas, of which boundaries are unofficially determined by purchasers, sellers, brokers, and investors. Thus, use of spatially aggregated data is a highly possible origin of the MAUP.
In addition, most previous analyses have been conducted more often than not within the time series analytical framework in econometrics and finance. Therefore, previous studies naturally tend to focus on the analysis of temporal variation in the ratio on a national scale and its economic implications, such as variance decomposition of the ratio series and the long-term equilibrium ratio.
While this approach employed in previous studies can provide a tool for judging bubble identification in housing price and property investment potential, it cannot provide information about a particular property. That is, little is known from previous studies about the behavior of the ra-tio from the micro-scale spatial perspective, and its features at the individual house unit level. This study attempts to explore cross-sectional differences in the ratio explicitly, and find important features of the ratio at the property level.
Data and model specification

Seoul Metropolitan Area
This study analyzes the rent-to-price ratio for apartments in Seoul, S. Korea. Seoul is the capital of S. Korea with a population of over 10 million, distributed over 605.2 km 2 of administrative areas. The population density is 16,492 persons per km 2 (Seoul, 2016) , one of the highest levels among the top global cities. The total housing stock in Seoul is made of 2,830,857 units as of 2016 and apartment units make up about 58 percent of that, as shown in Table 1 . Thus, apartments can be said to be a representative housing type in Seoul. Figure 2 shows the administrative map of Seoul with 25 districts. Therefore, transaction parties should report matters prescribed by the Act, including the transaction price, to the relevant government agency. The RTMS discloses the sale prices and rents on a monthly basis. As for the rents, the RTMS provides rent data under both Jeonsei agreements and monthly payment contracts. We collect only the rents under Jeonsei agreements and exclude the monthly payment contracts. In order to calculate the rent-to-price ratio of each apartment unit, we matched the unit sold and the one leased based on the following four criteria: the apartment complex to which the unit belongs, the unit area, the floor on which the unit is located, and the month in which the sale or lease contract was made. In other words, we consider the sold unit and the leased unit to be identical when they are located in the same apartment complex, are located on the same floor, have the same unit areas, and were contracted on the same month. We finally rest in the apartment unit samples presented in Table 2 . There are a total of 11,075 units in 919 apartment complexes in the study region, with per square meter sale prices ranging between 2,591,000 and 26,231,000 KRW. Jeonsei deposit per square meter ranges from 940,000 to 15,677,000 KRW. As seen in Table 2 , the typical rent-to-price ratio of apartments in Seoul ranges from 69% to 75%, meaning that about 70% of the market value is paid to the landlord in order to escape the burden of paying monthly rent during the lease period. Sale prices, Jeonsei deposits, and their ratio distributions are presented graphically in Figure 3 . The unit area varies from 25 m 2 to 243 m 2 , as luxurious apartment units can be as large as 250 m 2 . The average age of apartment buildings transacted in 2016 is 20 years or more, and we observe that the transaction volume tends to be heavier between June and October during the year. 
Data characteristics
Apartment units have a natural hierarchy in that individual units are nested within an apartment complex. The data for this study could be categorized into two levels: individual units (level 1) and apartment complexes (level 2). It is expected that the sale prices or rents of units within the same apartment complex are more similar to one other than to units of other apartment complexes, as they share common features such as location, building quality, complex layout, etc. We need to take into account the hierarchical structure of apartment units explicitly, and the interdependence among sale prices or rents within the same apartment complex. In this sense, a multilevel modeling approach has the needed flexibility and efficiency for modeling these data characteristics (Goldstein, Pan, & Bynner, 2004; Shor, Bafumi, Keele, & Park, 2007) . When the data are collected over time and space, it is usual that the data value in one period correlates with the value in previous period, and the value in one space correlates with the values in neighboring spaces. The former and latter are called serial and spatial correlations, respectively. The sale prices and rents in this study are collected over 12 sequential months, and thus they are typical series data. The data are collected over the area of Seoul, and thus they naturally show spatial dependence among their values. In property valuation, it is well known that the closer houses are located to each other, the more similar their prices or rents. Figure 4 and 5 show serial and spatial correlations inherent in the data. It is clear that the ratio in the current month is similar to the one in the previous month, and thus, Figure 4 suggests that the serial correlation should be explicitly accounted for when specifying a model. Figure 5 also implies that the ratio is not distributed independently over space, but rather tends to show similar values in neighboring areas, indicating that the spatial correlation should be incorporated into model specification. The southeastern region of Seoul is where the ratio is lower than 0.7. On the other hand, the ratio in the northeastern region of Seoul is relatively high, ranging from 0.8 to 0.9. The ratio in the rest area appears to be between 0.7 and 0.8. In summary, Figure 4 and 5 indicate that both the serial and spatial interdependences are important components which deserve careful handling when building a quantitative model. The symbol "+" indicates the location of the apartment complex, and the ratio is the average value between January and December of 2016. The ratio surface is created by a kriging method, a common technique for spatial interpolation.
Explanatory variables
Factors affecting the ratio could be enumerated endlessly. From the perspective of housing demand, some important variables include purchaser's income, mortgage interest rate, and credit regulations. Land zoning and construction costs could have a strong influence when it comes to housing supply. Therefore, selecting explanatory variables must be a compromise between theory and data availability.
We employ the area of each unit, the floor on which the unit is located, the age of the apartment complex, and the 3-year corporate bond interest rate as explanatory variables in model building. In addition to these explicit variables, we also consider the hierarchical structure of units nested in the complex, seasonal effect of ratio values, and geographic locations of each complex as the components of model specification. Therefore, we believe that we include all the basic and fundamental variables affecting ratio values in the model specification under the constraints of data collectability.
Model formula
We assume the following normal distribution for ijt y in referring to the rent-to-price ratio of apartment unit i(i = 1,…, 11,075) in complex j(j = 1,…, 919) on month t(t = 1,…, 12):
(1) The expected mean ijt μ is explained by the following explanatory variables: It includes linear effects β for the apartment unitlevel explanatory variables i x (unit area and floor), for the apartment complex-level explanatory variables j x (age and its square), and for the month-basis variable t x (monthly reported 3-year bond interest rate).
It also includes an intercept oj β . We specify a hierarchical structure, which assumes an intercept for each apartment complex as in the following:
It considers an intercept for each apartment complex through the hierarchical or multilevel specification. Our model also includes separate components for the temporal and spatial effects. t γ represents the temporal correlation, and is modelled using a random walk of order 1 as in the following:
where: t represents the month in 2016 that sale prices and rents are measured, that is, t = 1,…, 12. Finally, j u represents the spatial correlation. Geostatistical data are realizations of a spatial process, and the spatial process is a Gaussian field (GF) if the response vector follows a multivariate normal distribution with mean μ and spatial covariance matrix Σ. The main problem of the modeling approach involving the covariance matrix is the computational burden related to calculations with dense covariance matrices (Banerjee, Carlin, & Gelfand, 2014) . A computationally effective alternative is the stochastic partial differential equation (SPDE) approach (Lindgren, Rue, & Lindström, 2011) and consists of performing the calculations using a Gaussian Markov random field (GMRF, a discretely indexed spatial random process) representation of GF. GMRF is characterized by sparse precision matrices (the inverse covariance matrices), and therefore fast computational time. The SPDE approach can be formulated as following.
where: s is a spatial index; △ is the Laplacian; α controls the smoothness; κ is the scale parameter; τ controls the σ is the marginal variance. K λ denotes the modified Bessel function of the order λ, which measures the degree of smoothness of the spatial process and is usually kept fixed due to poor model identifiability. κ is the scale parameter related to the range r, i.e. the distance at which the spatial correlation becomes almost null (Blangiardo & Cameletti, 2015, p. 194) .
For point-referenced data like ones used in the study, the above solution to the SPDE (the stationary and isotropic Matérn GF ( ) s ξ ) can be approximated using the finite element method through a basis function representation defined on a triangulation of the domain D.
where: G is the total number of vertices of the triangulation; g ϕ is the set of basis functions, and g ξ  are zero mean Gaussian distributed weights. That is, the result is a basis function representation with piecewise linear basis functions, and Gaussian weights with Markov dependence determined by a triangulation of the domain (Lindgren et al., 2011) .
Model selection
We start from a simple model: that is, an ordinary singlelevel model with the four explanatory variables given in the Explanatory variables subsection (Model A). Then we specify a two-level hierarchical model (Model B), and refine Model B by explicitly taking into account a serial correlation via a random walk specification for a term representing the temporal pattern of the ratio (Model C). And finally, we arrive at Model D, which is a two-level hierarchical model that accounts for both serial and spatial correlations. The response variable is the rent-to-price ratio, and all the candidate models are defined by the same four explanatory variables.
The models are fitted by the Bayesian estimation method (the specific algorithm will be explained in Section 4.), and we choose log-likelihood and the deviance information criteria (DIC) as model selection measures. Table 3 shows the values of log-likelihood and DIC for each model.
As it goes from the simple single-level model to the two-level model with both correlations taken into account, log-likelihood goes up, and DIC values continue to drop. It indicates that the hierarchical structure of apartments units, and spatial as well as serial correlations, should be considered explicitly when modelling the rent-to-price ratio. Therefore, we choose Model D as our final model, the specifications of which are given in the Model formula subsection.
Model calibration and results
Algorithm for model calibration
Approaches to estimate parameters in a model can vary, but they can be classified into two broad categories: the frequentist approach and the Bayesian approach. The frequentist approach, which might include maximum likelihood estimation, has been criticized recently for its ambiguous concept of confidence intervals and insufficient representation of uncertainty about the parameters, among other flaws. The Bayesian approach emerged as an alternative to the frequentist approach, and is now being considered a standard tool in quantitative studies (Stegmueller, 2013) . The main reason for the Bayesian approach being adopted as a common method for estimating parameters lies in the fact that Markov Chain Monte Carlo (MCMC), a simulation based algorithm for implementing Bayesian estimation, has become rapidly accessible to wide range of scholars.
MCMC provides a flexible tool for analyzing quantitative data within the framework of the Bayesian approach, but it also comes with some faults, among them long computing times and slow convergence. We employ the Integrated Nested Laplace Approximations (INLA) algorithm proposed by Rue, Martino, and Chopin (2009) , a deterministic algorithm for Bayesian inference, rather than simulation based, such as MCMC. INLA is a recent alternative to MCMC for fitting Bayesian models, and yields more accurate results compared to MCMC and shorter computing times (Blangiardo & Cameletti, 2015, p. 104) . Therefore, INLA can be an efficient tool for modeling hierarchical models with complicatedly structured large data, such as one with temporal and spatial covariance structures (Beguin, Martino, Rue, & Cumming, 2012) .
Results
To estimate relevant parameters and hyper-parameters, we cast formula (1)- (6) into the INLA algorithm, and the results are shown in Table 4 .
The goodness of the fit of models including candidate models is shown in Figure 6 . Fitted values from our final model (Model D) do not show a noticeable difference from observed ratio values, and thus, we judge that we have no serious problem in leading a discussion based on the results of Table 4 . As for the significance of coefficients, the 95th percentile ranges of all the coefficients do not overlap zeros except the 3-year bond interest rate,
, which indicates that most explanatory variables have their roles in explaining the rent-to-price ratio.
We need to examine the coefficient on the 3-year bond interest rate in detail, since the 95th percentile range includes zero. The distribution of coefficient values for it is illustrated in Figure 7 . Its mean value and median value are 0.0414 and 0.0417, respectively, and most of the values are positive, implying that although there is some uncertainty, the 3-year bond interest rate plays a considerable role in increasing the rent-to-price ratio.
Discussion and conclusion
We examine determinants of the rent-to-price ratio based on analysis of fixed effects, and explore variations in the ratio through analysis of random effects. 
Analysis of fi xed eff ects
Th e coeffi cients on age and its squared term are estimated to be positive and negative, respectively. Th e age distribution in the data ranges from 0 years to 45 years, and the ratio movement along this range in accordance with the estimated coeffi cients is illustrated in Figure 8 . Th e rent-toprice ratio shows little change between 0 and 15 years, and aft er around 15 years, the ratio begins to drop drastically, indicating that the demand for leases decreases rapidly when apartment complexes are over 15 years old. When an apartment complex is more than 15 years old, it begins to check and replace worn-out water pipelines, gas installations, and elevators. Th e deteriorated facilities and inferior building conditions mean that demand for renting apartment units within the complex will be reduced, lowering the rent-to-price ratio, which is shown clearly in the Figure  8 . Th e 95th percentile range becomes wider as property age goes from 0 to 40 years old, implying that property age has an eff ect of lowering the ratio, but the extent of decrease is relatively uncertain for old apartment complexes. We fi nd a positive coeffi cient on unit area, which indicates that an increase in unit area is associated with an increase in the rent-to-price ratio. Th ere exist specifi c unit areas that are preferred by particular tenants, those specifi c areas being 59 m 2 and 84 m 2 . Th e 59 m 2 -unit is most favored by newly married couples and single-person households. Th e 84 m 2 -unit is especially preferred by households with more than two people. Since the unit area starts from 25 m 2 (in Table 2 ), and there are few units in the range aft er 84 m 2 , an increase in unit area means that the unit area becomes closer to one of the two favorite unit areas, and naturally leads to an increase in rent, ultimately raising the ratio.
If the 3-year bond interest rate becomes lower, it would be expected to boom up housing sale prices, thus shift ing the rent-to-price ratio to lower levels, which is consistent with the positive coeffi cient on 3 year bond − β . Sommer, Sullivan, and Verbrugge (2013) fi nd that the combination of low interest rates and reduced down payment requirements leads to a large increase in the equilibrium house price, but has little eff ect on the equilibrium rent. Th erefore, as the interest rate goes lower, the rent-to-price ratio drops, which is consistent with the result of this study. Th ere is one point which deserves our attention. Th e 95th percentile coefficient range for the interest rate includes zero, meaning that there is some uncertainty in the interpretation given above.
Th e coeffi cient on the fl oor level is estimated to be below zero. Th e negative coeffi cient indicates that rents do not increase enough to keep up with an increase in prices as the fl oor on which a unit is located rises. House purchasers in S. Korea usually have a strong preference for units located on middle fl oors, which are oft en called "premium fl oors". For example, the fi ft h to fourteenth fl oors are usually referred to as premium fl oors in the case of a fi ft een story apartment building. Units on the premium fl oors generally command a 10% to 20% higher market value compared to ones on the non-premium fl oors. In contrast, tenants are not willing to pay rents as much as the increase in price accrued from the premium fl oors, and thus lowers the rent-to-price ratio.
In summary, explanatory variables (age, unit area, 3-year bond interest rate, and fl oor) employed in the model are found to have signifi cant eff ects on the ratio at the individual house unit level, and the signs of all the coeffi cients are consistent with general expectations in the housing market. 
Analysis of random effects
Three random effects in the final model are worth noting: the unit-level variance ( 2 σ ), the complex-level variance (
and the variance related to the serial correlation ( 2 γ σ ). Decomposing the total variance can provide additional insights into the interpretation given above, and the proportion of each variance is shown in Table 5 . As seen in the table, the variation from individual apartment units 2 σ explains 59% of the overall variation in ratios across Seoul, and the contribution of apartment complex effects 0 2 v σ is around 40%, which cannot be ignored in analyzing the total variance. The effects of apartment complex are suggested graphically in Figure 9 , and the figure shows coefficient values for each complex from number 1 to number 919. The rent-to-price ratio is lowered by as much as 0.3 or raised by as much as 0.1, depending on the complex in which a unit is located.
The month effect 2 γ σ represents about 1% of the overall variation, which can be interpreted as trivial when decomposing the total variance. However, when we see the serial effect shown in Figure 10 , we find that the coefficient of each month is similar to the pattern of serial correlation of the raw rent-to-price ratio shown in Figure 4 , although the coefficient values oscillate between much smaller intervals, roughly from -0.03 to 0.03.
Location is the most important aspect in property valuation. It is the property appraisers' creed: location, location, location. It says that even identical houses can be sold or rented for vastly different considerations depending on location. It is the first law in property valuation, though frequently ignored when modelling and predicting housing prices (Kiel & Zabel, 2008 ). An important concept related to the property location is the range. The range r is the distance at which the rent-to-price ratios of units in two complexes are spatially uncorrelated. The mean range value is estimated to be 3,711 m, and the 2.5th and 97.5th percentile values are 2,652 m and 4,941 m respectively (Table 4). Therefore, it implies that when two complexes are geographically separated by a distance between 2,652 m and 4,941 m, then the prices, the rents, and their ratios in one complex have little influence on those in the other complex, at least in the case of apartments in Seoul. To put it another way, price and rents are inter-correlated when complexes are located within 2,652 m and 4,941 m of one another.
Concluding remarks
We investigated the rent-to-price ratio of apartment units in Seoul during the period of the year 2016, with "rent" in this study referring to the Jeonsei deposit. We matched the unit sold and the one leased based on four criteria: apartment complex, unit area, floor level, and month the contracts were made, in order to reduce the fallacy of "comparing apples and oranges" as much as possible. Four explanatory variables and three data features were taken into account when building a model. The former comprises unit area, floor, property age, and the interest rate, and the latter comprises hierarchical structure of units nested in the complex, seasonal variation, and effect of geographical location. We employed the INLA algorithm in order to estimate parameters in the model, since the algorithm is efficient in finding relevant parameters in a hierarchical model and large data with complex structure.
We found and interpreted determinants of the rent-toprice ratio at the property level. The first one is that the ratio is found to drop noticeably after it reaches 15 years old, since the lease demand for apartments older than 15 years decreases due to worn-out facilities and inferior building conditions. Secondly, unit area plays a role in raising the ratio, since the increase in unit area means that the unit becomes closer to one of two favorite unit types; that is, 59 m 2 -unit and 84 m 2 -unit. Third, the low interest rate is found to be associated with the rise of housing sale prices, and thus lowering the ratio. Finally, the floor on which a unit is located is found to be inversely related to the ratio, and it can be interpreted that rents do not increase enough to keep pace with an increase in prices as the floor rises to so-called "premium floors".
Stepping from the practice of using a single error variance at an observational level, or the apartment unit level, we utilized additional random effects: the complex-level variance ( 0 2 v σ ) and temporal variance ( 2 γ σ ). The complexlevel variance represents 40% of the total variance, which is large enough to deserve special handling when specifying a model. The temporal variance, though its absolute magnitude is trivial, was found to play a role in adjusting the ratio in accordance with its seasonal pattern.
This study tried to explain the aspect of the rent-to-price ratio in Seoul, which has not been touched upon clearly in past studies. First, we analyzed the relationship between sale prices and rents of housing at the apartment unit level from the spatial perspective. This approach has been rarely taken in past studies. Based on the ratio of individual apartment units, we could suggest that the ratio varies remarkably depending on the complex to which a unit belongs and its particular geographical location within the studied area of Seoul. Figure 11 shows the fitted ratio distributions from our final model as of October, 2016, with 2.5th, 50th, and 97.5th percentiles of the fitted values, respectively. October of 2016 was chosen as an illustrative time point since house transactions occurred most frequently at that time (1,474 cases reported as shown in Table 2 ). The low ratio area appears consistently at the southeastern region of Seoul for all the three percentile maps, which is due to considerable apartment complexes being at a stage with imminence of demolition and reconstruction. As an apartment complex ages and comes nearer to that stage, the demand for leases drops sharply, whereas the sale prices rise rapidly due to the reconstruction premium such as expected price appreciation for a newly proposed apartment. This micro-scale spatial analysis makes the study different from past studies, and frees it from the biases introduced by aggregation of data.
Second, we revealed the features in the ratio of S. Korean housing market, such as its determinants and variations. We presented important determinants or factors affecting the ratio based on the property level analysis. Determinants reviewed in this study (property age, unit area, interest rate, and floor) were all proven to have an impact on forming the ratio of a particular apartment unit. We also proved the necessity of considering both seasonal and spatial variations when analyzing the rent-to-price ratio. Therefore, the determinants suggested by this study and the types of variations investigated by our model deserve their due attention when utilizing the ratio. For example, the determinants found in the study should be taken into account when local governments diagnose housing submarkets within the same city. Most previous studies could not provide these kinds of micro-scale determinants of the ratio. Moreover, the cross-sectional determinants at the property level could be useful for local officials in better predicting movement of the ratio aggregated at the national level over long periods. The findings from this study could also provide strategic insights for property companies. For instance, a property company could find the reason as to why a particular lease apartment complex has a relatively high vacancy rate by reviewing the ratio determinants or variations explored in this study. The company could even choose to monitor a particular submarket area where the rent-to-price ratio at the micro-scale is relatively high, since the submarket area can be interpreted as having potential for high lease demand in the near future, and is therefore a good candidate area for purchasing a new lease apartment.
Finally, this study demonstrated an empirical advantage of multilevel modeling approach, and the practical applicability of the INLA algorithm. We showed the flexibility of a multilevel model in analyzing multi-error structures and contextual data that are characteristic of time series cross-sectional data. As shown in Figure 9 , we provided apartment complex coefficients (proxy values for context effects), which not only lower the ratio by as much as 0.3, but also raise it by as much as 0.1, ultimately leading to the maximum ratio difference of 0.4 for identical Figure 11 . Fitted ratio distributions as of October, 2016 apartment units except the complex to which they belong. In addition, based on the INLA algorithm, we could successfully estimate parameter values and their uncertainty for relatively large space-time data. We hope this algorithm will reach a wider audience in real estate literature.
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